We developed a 1:30000 Cryogenic Current Comparator for SET current amplification. A dedicated low-noise, directly-coupled SQUID was used for the readout, which allowed reaching a sensitivity close to ideal. The ratio error was ~9 x 1 0 .~. The CCC-SQUID equivalent current input noise was 3.0 fAIHz", measured down to 0.1 Hz.
Introduction
The future establishment of a quantum current standard relies on the very precise amplification of the very small with SQUID readout. The current quantum standard could then be combined with the existing resistance and voltage quantum standards to close the quantum metrological triangle of electrical units [Z] . The final cument resolution of the CCC-SQUID system (provided that all external sources of noise can be properly shielded) depends on the SQUID noise, and the efficiency of the coupling between the CCC and the SQUID. Usually, the CCC overlapped tube is coupled to the SQUID via a superconducting flux transformer. We showed [3] that perfect coupling could be achieved connecting the CCC directly to the SQUID input coil, in which case the optimal current noise could be achieved:
where C is the coupling constant between the SQUID washer and input coil. To minimize <Ip%", the CCC should have a large number of primary turns Nca and maximal self-inductance Lccc; the SQUID should have minimum energy resolution and input coil inductance Li close to the value of Lccc. In this paper we present the integration and characterization of a complete,l:30 000 CCC with optimal SQUID readout.
Set-ur,
A schematics of the cvogenic part of the system is shown in Figure I . The Figure 2 it can be concluded that connecting the CCC only added white noise, and not significant lljnoise. The corner frequency of the CCC-SQUID system (C0.l Hz) is directly determined by the SQUID lijnoise behavior. Despite the shields used, the system noise was still dependent on the environmental magnetic noise conditions. To measure the noise at very low frequencies, the FLLontput, filtered at 1 Hz, was recorded during -6 min. A current standard deviation per Nm of op2.3 fA was obtained.
Finally, we injected a 11.8 pA current (simulating the SET current), turned from 0 to +I every -30 s, to the C,: 10000-turn winding. The current standard deviation was 0~3 8 fA. larger than what should he expected if the noise was only due to the CCC-SQUID (-10 fA), indicating that the current source and connecting cables added noise to the system and have to be optimized.
We estimated the current uncertainty that could be Hence the final current unceriainty that could be reached in the amplification of a 1-10 pA SET current would be u1~3.1O5-1Od respectively. This levels are comparable to recently published results [6] . If Surface Acoustic Wave (SAW) devices were available that could
give accurate quantized currents of I nA, an uncertainty of IO'might be reached.
